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FIG . 5A 

CS1 SELECTION OF TWO ARITHMETIC 
UNITS 

00 HAU PLUS ALU _/602 

01 HAU PLUS osu ./604 

10 ALU PLUS nsu _/60B 

11 HESEHVED 

500 /' 

FIG . 68 

C32 SELECTION OF LOAD UNIT PLUS 
AHITHHETIC 0H STORE UNIT 

LOAD PLUS MAU 

LOAD PLUS ALU 532 

LOAD PLUS 0su 

LOAD PLUS STORE -(624 

520 ,/ 

FIG . 68 

C33 SELECTION OF STORE UNIT PLUS 
ARITHMETIC UNIT 
STORE PLUS MAU 

STORE PLUS ALU 543 

STORE PLUS DSU 

HESEHVED 

540 / 

Pip-Dec Hot-IO 
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700 
FIG. 7 f 

Opcude BITS 24-22 INSTRUCTION 

0000 xxx EPLO0Px. EPLOOPIx 

0001 xxx RESERVED 

0010 xxx CALL 

0011 xxx JHP 

0100 xxx LVISETV 

0101 xxx XV _/720 

0110 xxx RESERVED 

0111 xxx DUUBLEARITHMETIC 04-001 /710 

1000 xxx DOUBLE ARITHMETIE xv-2-0xv2 /712 

1001 xxx DOUBLE ARITHMETIE xv-a-nxva /714 

1010 xxx LOAD UNIT PLUS ARITHMETIE on STORE UNIT XV-LAXV 0R LSXV_/715 

1011 xxx STORE UNIT PLUS 1011101510 01111 XV-SAXV /719 

1100 xxx RESERVED 

1101 xxx RESERVED 

1110 xxx RESERVED 

1111 000 BET 

1111 001 RETI 

1111 010 SYSEALL 

1111 011 RESERVED 

1111 100 RESERVED 

1111 101 RESERVED 

1111 110 NOP 

1111 111 RESERVED OCOOOOOOOOOOOOOOOOOOOOO n-hl-lhhl-sn-hb-hl-hn-hhau-hb-hu-bl-bn-hn-bn-hl-hhhn-hn-hlamh-b 
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FIG. EA /800 

conpounn LOAD PLUS ARITHMETIC xv (LAXV) 
a1|3o 29 2012025125 24|23 22 21|20I1s|1e|171s|1314|1312I11|1o|9 alllsls 413M110 

cs2= AIM/D 
GROUPS/P LAXV 00.F LOAD m “Qt/D “FIT/D FYI VOFS 

01,10 I I }‘ PE‘CHG I 
\ \ \ \ \ \ 
015 020 022 024 025 010 

FIG. BB / 850 

INSTRUCTION OPERANDS OPERATION 
LAXV.[ SPl VOFS. CS2=I AND] . F=l OII . EXECUTE (VI 0] +VOFST [ LU| 

LoadRt. AIM/DBL. EXECUTE (VI 0] +VOFSI [ALU] IF lCS2=Al H55 
AlM/D/_Rx ,A/M/D_Ry EXECUTE (VI 0] +VOFST I MAUI IF (CS2=M] 

EXECUTE (VI O] +VOFST I DSU] IF lCS2=Dl 
LAXV SUPPLIED OPERAND ADDRESSES REPLACE LEAST 
SIGNIFICANT BITS OF VIN ACCESSED SELECTED 
INSTRUCTIONS DEPENDENT UPON DATA TYPE AND OPCODES 
OF THE VIH INSTRUCTIONS. 

ARITHNETIC FLAGS -- ALU IF (F=1 8 CS2=A) 
ARITHHETIC FLAGS ‘- HAU IF TF=1 8 CS2=MI H5O 
ARITHMETIC FLAGS - DSU IF 1 C CS2 
ARITHMETIC FLAGS ~— NONE IF 
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FIG. 9A [900 

COMPOUND LOAD PLUS sTonE xv (LSXV) 
31|3o 29 2BI2TI25|25 24123 22|212011£?19?7115|1514T3 12l11|10L9lB|7 s|5|4|3l210 
GROUP SIP LSXV Rsvd LOAD m Rsvd STQPE VOFS 

'\ \ 4\ '\ '\ '\ 
91 932 920 930 922 910 

FIG. 9B fsso 

INSTRUCTION OPERANDS OPERATION 
LSXV.ISP] VOFS. CS2=[11]. LoadRt. EXECUTE (V[0]+VOFS)[|_U] 

StoreRt. EXECUTE (VI 0 ] +V0FS) l sul }955 

LSXV SUPPLIED OPERAND ADDRESSES REPLACE LEAST 
‘SIGNIFICANT BITS 0F VIM AECESSED SELECTED 
INSTRUCTIONS DEPENDENT UPON DATA TYPE AND OPCODES 
OF THE VIM INSTRUCTIONS. 





U.S. Patent Sep. 18, 2007 Sheet 11 0f 17 US 7,272,700 B1 

FIG. 11A / 1100 

COMPOUND DOUBLE ARITHNETIC XV lDXV1/2I3) 
31|3O 29 2BI27I2B|25 24123 21211201El|1DI171E115|141112|11IOISTD IIGTS 4I3T2L1LO 

0xv1. 
GROUPS/P 031 "A? MR’: MRI; AHItD ARIXD AnlyD VOFS 

'\ '\ ‘X \ \ '\ \ \ 
1115 1120 1122 1124 112a 112a 1130 11 

FIG. 115 f 1150 

INSTRUCTION OPERANDS OPERATION 
0xv1.| SP] . VOFS. cs1=l MA. MD. ADI . EXECUTE 1vl 0]+VOFST l HAU] IF 1051411) 
DXVZTSPT MIA/?t. M/A?x. H/A?y. EXECUTE (V[O]+VOFS)[ALU] IF 1031411) 
“ml SP] AID-Rt‘ AID-R" AID-RY EXECUTE (v1 0]+VOFS) I HAD] IF 1051410) 1155 

EXECUTE (V[0]+VOFSTIDSU] IF 1051410) 
EXECUTE (VI O]+VOFST [ ALU] IF (CS1=AD) 
EXECUTE (VL OI+VOFST [ DSU] IF TCS1=AD) 
DXV1l2/3 SUPPLIED OPERAND ADDRESSES REPLACE LEAST 
SIGNIFICANT BITS OF VIM ACCESSED SELECTED 
INSTRUCTIONS OEPENDENT UPON DATA TYPE AND OPCODES 
OF THE VIM INSTRUCTIONS. 

ARITHMETIC FLAGS '— MAU IF (DXVI C CS1=MA OR NO) 

ARITHHETIC FLAGS '- ALU IF (DXV1 S CS1=ADT OR IF 
(DXV2 C CSI=NAT 
ARITHHETIC FLAGS ~— DSU IF (DXV2 C CS1=ND OR AD) 

ARITHMETIC FLAGS ARE NOT AFFECTED FOR DXV3 
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FIG . 13A 

US 7,272,700 B1 

1300 /' 
CS4 

Talon 0F LOAD on STD-RE PLUS TWO 
ARITHMETIC UNITS 130B \ 000 LOAD PLUS HAU PLUS ALU 

O01 LOAD PLUS HAU PLUS DSU 1302 
010 LOAD PLUS ALU PLUS DSU 
011 RESERVED 
100 STORE PLUS MAU PLUS ALU 
101 STORE PLUS HAU PLUS DSU 1304 
110 STORE PLUS ALU PLUS DSU 
111 RESERVED 

FIG . 13B 

CS5 
SELECTION OF ONE OR TWO 

ARITHHETIC UNITS 

1340 f 
000 "AU 
O01 ALU 1342 
010 DSU 
O11 RESERVED 
100 NAU PLUS ALU 
101 MAU PLUS DSU 1344 
110 ALU PLUS DSU 
111 RESERVED 

FIG . 136 

CSS 
SELECTION OP LOAD OR STORE PLUS AN 

ARITHMETIC UNIT 

1380 f 
000 LOAD PLUS NAU 
001 LOAD PLUS ALU 1382 
010 LOAD PLUS DSU 
011 RESERVED 
10D STORE PLUS HAU 
101 STORE PLUS ALU 1304 
110 
111 

STORE PLUS DSU 
LOAD PLUS STORE / 139s 
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FIG. 14D [1450 

000000000 LOAD/STORE PLUS ARITHHETIC OFFSET xv 

J: I 

001.010. MIA/D HIAID MIA/D us 1010 
GROUPS” “"3 “AF? 100M601. RtOfs RxOfs RyOfs HtOfs vb VOFS 

' ' '\ '\ \ \ 
1452 1454 1455 1458 

FIG. 14E fmo 

COMPOUND LOAD AND STORE OFFSET XV 
1911B|17|1B|15|14 13412|11L10| 9 I B 7 5 I5|4|3J2l1|0 

LOAD 
31130 29 20|22|2s|2s 24|23 22 B020 

030 STORE 7-011 
GROUPS/P cxva UAF2 :111 mpfs mpfs v0 VOFS 

\ \ 
14B? 1484 
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METHODS AND APPARATUS FOR 
INDIRECT COMPOUND VLIW EXECUTION 
USING OPERAND ADDRESS MAPPING 

TECHNIQUES 

FIELD OF THE INVENTION 

The present invention relates generally to techniques to 
improve processor performance through improvements in 
indirect VLIW architectures. More particularly, the present 
invention provides techniques for reducing the average load 
VLIW latency While improving overall utiliZation of stored 
VLIWs. In addition, use of tWo and three issue indirect 
VLIWs is enhanced providing improved performance. 

BACKGROUND OF THE INVENTION 

Application programs can be considered to comprise 
sequential code segments With loW levels of instruction level 
parallelism (ILP), such as control code, and code segments 
With high levels of ILP Which are referred to herein as 
parallel code. Both of these code types are intermixed in an 
application program and both need to be ef?ciently pro 
cessed to achieve high performance for the Whole program. 
The case of pure sequential code With no available ILP and 
pure parallel code With no control constructions such as 
branches does not typically exist in a Whole program appli 
cation except possibly for very small code segments. In 
order to develop a high performance processor that does 
Well on both sequential and parallel code, it is important to 
consider hoW to support small levels of instruction paral 
lelism in sequential code, hoW to minimize the latency to 
support parallel execution, hoW to more ?exibly support 
parallel execution, and hoW to improve code density. 
An indirect VLIW processor, such as the BOPS, Inc. 

Manta and Mobile Media Processor (MMP) both subsets of 
the ManArray architecture, use an execute VLIW (XV) 
indirect instruction mechanism for accessing multiple 
instruction VLIWs for execution to achieve high levels of 
selectable parallelism. The expense of using the indirect 
VLIWs in the Manta and MMP is primarily a load VLIW 
latency associated With loading VLIWs into local VLIW 
memories (VIMs). The Manta and MMP use a Load VLIW 
(LV) instruction to load VLIWs into local VIMs Where the 
load latency is equal to the number of instructions to be 
loaded plus one for the LV. For a ?ve issue VLIW, the LV 
latency is 6-cycles. If a speci?c VLIW utiliZation is loW as 
Would be the case in sequential code Where ILP is loW, then 
VLIWs Would typically not be used due to the increased 
overhead load ?oWing from VLIW latency. For example, to 
store a tWo-issue VLIW in VIM Would cost tWo instructions 
plus the LV and to execute the tWo-issue VLIW Would cost 
one additional cycle for the XV for a total of 4 cycles. If the 
code segment Was executed Without use of the VLIW, it 
Would cost only 2 cycles. For the case of a three-issue 
VLIW, it Would cost 3(instructions)+l(LV)+l (XV):5 cycles 
as compared to a cost of executing the code directly of only 
3 cycles. The indirect VLIWs Were designed to support high 
usage VLIWs such as found in digital signal processing 
(DSP) type loops Where the load latency is essentially 
insigni?cant and the overall performance gain is very high. 
Utilizing a Manta, an MMP, or similar indirect VLIW 
architecture to mine the available ILP in sequential code, 
hoWever, is not cost effective. 
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2 
SUMMARY OF THE INVENTION 

In order to develop a high performance processor that 
effectively handles both sequential and parallel code, it is 
important to consider hoW to support small levels of instruc 
tion parallelism in sequential code, hoW to minimiZe the 
latency to support parallel execution, hoW to more ?exibly 
support parallel execution and hoW to improve code density. 
The present invention accesses multiple slot instructions of 
a VLIW instruction for execution to achieve high levels of 
selectable parallelism and to make improvements to code 
density. In order to improve both the VLIW processor 
utiliZation and minimiZe the effects of loading the VLIWs 
into VIM, according to one aspect, the present invention 
provides for reusing a previously stored VLIW instruction 
by alloWing the stored VLIW instruction to be used in more 
than one context. 

To such ends, the present invention includes a short 
instruction Word (SIW) register for holding a SIW. The SIW 
includes an indication of a slot instruction to execute and a 
dynamic slot instruction operand Which may be used by the 
indicated slot instruction. Further, the present invention 
includes a register for holding slot instructions Which are 
retrieved from VLIW memory. The retrieved slot instruc 
tions include a stored operand Which is typically used When 
executing the retrieved slot instruction. The present inven 
tion may further suitably include a controller and an execu 
tion unit. The controller selects Which of the operands are 
utiliZed With the retrieved slot instructions to form a trans 
formed slot instruction. The execution unit executes the 
transformed slot instructions With the selected operand. 
A more complete understanding of the present invention, 

as Well as further features and advantages of the invention, 
Will be apparent from the folloWing Detailed Description 
and the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a Manta-type processor, a subset of the 
ManArray architecture, Which may be suitably adapted for 
use in conjunction With the present invention; 

FIG. 2 illustrates a high-level vieW of an indirect VLIW 
instruction path as used in a Manta-type processor as shoWn 
in FIG. 1; 

FIG. 3 illustrates a high-level vieW of an example of an 
indirect VLIW instruction path that supports compound XV 
instructions; 

FIG. 4 illustrates a more detailed vieW of the basic 
instruction path for an exemplary compound XV operation 
Where a VLIW DSU instruction supports an Ry operand 
requiring transformation; 

FIG. 5 illustrates a more detailed vieW of the basic 
instruction path for an example of a compound XV operation 
Where a VLIW DSU PEXCHG instruction supports a dif 
ferent bit ?eld mapping than the Ry mapping used in FIG. 
4; 

FIG. 6A illustrates a CS1 encoding table for encoding the 
selection of tWo arithmetic units for use in direct mapped 
compound XV instructions; 

FIG. 6B illustrates a CS2 encoding table for encoding the 
selection of a load unit plus arithmetic unit or store unit for 
use in direct mapped compound XV instructions; 

FIG. 6C illustrates a CS3 encoding table for selection of 
a store unit plus arithmetic unit for use in direct mapped 
compound XV instructions; 
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FIG. 7 illustrates an opcode encoding table for control 
instructions including ?ve neW direct mapped compound 
XV instruction opcodes; 

FIG. 8A illustrates a compound load plus arithmetic XV 
(LAXV) instruction format; 

FIG. 8B illustrates a syntax and operation table for an 
LAXV instruction; 

FIG. 9A illustrates a compound load plus store XV 
(LSXV) instruction format; 

FIG. 9B illustrates a syntax and operation table for an 
LSXV instruction; 

FIG. 10A illustrates a compound store plus arithmetic XV 
(SAXV) instruction format; 

FIG. 10B illustrates a syntax and operation table for an 
SAXV instruction; 

FIG. 11A illustrates a double arithmetic compound XV 
(DXV1/2/3) instruction format; 

FIG. 11B illustrates a syntax and operation table for a 
DXV1/2/3 instruction; 

FIG. 12 illustrates a high-level vieW of an exemplary 
indirect VLIW instruction path that supports the offset 
compound XV class of instructions; 

FIG. 13A illustrates a CS4 encoding table for selection of 
a load or store unit plus tWo arithmetic units for use in offset 
and register ?le indexing (RFI) compound XV instructions; 

FIG. 13B illustrates a CS5 encoding table for selection of 
one or tWo arithmetic units for use in offset and RFI 

compound XV instructions; 
FIG. 13C illustrates a CS6 encoding table for selection of 

a load or store unit plus an arithmetic unit for use in offset 

and RFI compound XV instructions; 
FIG. 14A illustrates a compound load/store plus double 

arithmetic offset XV instruction format; 
FIG. 14B illustrates a compound single arithmetic offset 

XV instruction format; 
FIG. 14C illustrates a compound double arithmetic offset 

XV instruction format; 
FIG. 14D illustrates a compound load/store plus arith 

metic offset XV instruction format; 
FIG. 14E illustrates a compound load and store offset XV 

instruction format; 
FIG. 15 illustrates a high-level vieW of an example of an 

indirect VLIW instruction path that supports the RFI com 
pound XV class of instructions; 

FIG. 16A illustrates a compound load/store plus double 
arithmetic RFI XV instruction format; 

FIG. 16B illustrates a compound double arithmetic RFI 
XV instruction format; 

FIG. 16C illustrates a compound load/store plus arith 
metic RFI XV instruction format; and 

FIG. 16D illustrates a compound load and store RFI XV 
instruction format. 

DETAILED DESCRIPTION 

A number of aspects of the present invention address 
improvements to the ManArray architecture for increased 
performance due to use of compound execute VLIW type of 
instructions for both sequential and parallel code. In a 
presently preferred embodiment of the present invention, an 
exemplary ManArray 2><2 iVLIW single instruction multiple 
data stream (SIMD) processor 100 may suitably be 
employed. Processor 100 is representative of the Manta 
processor and the mobile media processor (MMP), both 
subsets of the ManArray architecture and is shoWn in FIG. 
1. The array processor 100 shoWn in FIG. 1 comprises a 
sequence processor (SP) controller combined With a pro 
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4 
cessing element-0 (PEO) SP/PEO 101, as described in further 
detail in US. Pat. No. 6,219,776, for example. Three addi 
tional PEs 151, 153, and 155, are also utiliZed to demon 
strate a number of general extensions to the indirect VLIW 
architecture in accordance With the present invention. It is 
noted that PEs can also be labeled With their matrix positions 
as shoWn in parentheses for PEO (PE00) 101, PE1 (PE01) 
151, PE2 (PE10) 153, and PE3 (PE11) 155. The SP/PEO 101 
contains a fetch controller 103 to alloW the fetching of short 
instruction Words (SIWs) from a 32-bit instruction memory 
105. The fetch controller 103 provides the typical functions 
needed in a programmable processor such as a program 
counter (PC), branch capability, event point (EP) loop 
operations (see US. patent application Ser. No. 09/598,566 
“Methods and Apparatus for Generalized Event Detection 
and Action Speci?cation in a Processor” ?led Jun. 21, 2000 
for further details), and support for interrupts. It also pro 
vides the instruction memory control Which could include an 
instruction cache if needed by an application. In addition, 
the SIW I-Fetch controller 103 dispatches 32-bit SIWs to the 
other PEs in the system by means of the 32-bit instruction 
bus 102. 

In this exemplary system, common elements are used 
throughout to simplify the explanation, though actual imple 
mentations are not limited to the elements shoWn. For 
example, the execution units 131 in the combined SP/PEO 
101 can be separated into a set of execution units optimiZed 
for the control function, for example, ?xed-point execution 
units. Also, the PEO, as Well as the other PEs, can be 
optimiZed for a ?oating point application. For the purposes 
of this description, it is assumed that the execution units 131 
are of the same type in the SP/PEO and the other PEs. In a 
similar manner, SP/PEO and the other PEs use a ?ve instruc 
tion slot iVLIW architecture Which contains a very long 
instruction Word memory (VIM) 109 and an instruction 
decode and VIM controller function unit 107 Which receives 
instructions as dispatched from the SP/PEO’s I-Fetch unit 
103 and generates the VIM addresses-and-control signals 
108 required to access the iVLIWs stored in VIM. Refer 
enced instruction types are identi?ed by the letters SLAMD 
in VIM 109, Where the letters are matched up With instruc 
tion types as folloWs: Store (S), Load (L), ALU (A), MAU 
(M), and DSU (D). 
A high-level vieW of the indirect VLIW architecture 

instruction path 200 is shoWn in FIG. 2. Note for clarity of 
description, only the basic instruction path is shoWn and 
signals and control lines are not generally shoWn as they 
may vary depending upon a chosen implementation. The 
sequence of steps used to fetch and decode a VLIW begin 
With the program counter (PC) 202 logically supplying an 
address 203 to the short instruction memory (SIM) 204 
Which returns a short instruction Word (SIW) on instruction 
bus 205 to a ?rst instruction register (IR1) 206 located in 
SP/PEO and the other PEs. In the next cycle after the fetch, 
the instruction in IR1 is determined to be an execute VLIW 
@(V) in a predecode section of logic 208 and Whether it is 
appropriate for execution in the received processing ele 
ment. For an SIW XV instruction, an offset address, 8-bit 
VOFS 210, is supplied by the XV instruction in IR1 and 
added by adder 212 to the contents of a VIM address 
register, V0 214 or V1 216 as selected by the XV Vb bit 218, 
to form an address 220 Which passes through multiplexer 
221 as VIM address 222 to select a VLIW entry in VIM 224. 
Up to ?ve instructions are returned from VIM 224 and 
latched in an iVLIW register 226 With slots for each execu 
tion unit. 
























